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INTRODUCTION 

The importance o f  bitumen and heavy crudes i s  s t e a d i l y  i nc reas ing  
as reserves o f  conven t iona l  crudes d i m i n i s h  around t h e  wor ld  producing an 
increased emphasis upon the  development o f  methods o f  recovery f o r  bitumens 
and heavy crudes. Because o f  t h e  ext remely h i g h  v i s c o s i t i e s  encountered, a 
v a r i e t y  o f  novel  i n - s i t u  recovery methods us ing  combinations o f  steam, so l ven ts ,  
su r fac tan ts ,  and combustion a r e  being i nves t i ga ted .  

Conventional and heavy pet ro leum crudes c o n s i s t  o f  a l a r g e  v a r i e t y  
o f  o rgan ic  molecules g e n e r a l l y  c l a s s i f i e d  i n t o  f o u r  major groups i d e n t i f i e d  
as saturates,  aromat ics,  r e s i n s  and asphaltenes. Each o f  these c lasses have 
i n d i v i d u a l  uses and t h e i r  r e l a t i v e  r a t i o s  determine the  upgrading processes 
employed. Bitumen and heavy crudes tend t o  have l a r g e r  p ropor t i ons  of res ins  
and asphaltenes t h a t  a r e  l e s s  economical ly  conver ted t o  usable products .  
P r e c i p i t a t i o n  o f  asphal tenes i n  t h e  fo rma t ion  o r  p roduc t i on  o f  asphaltenes 
from o the r  compounds can occu r  d u r i n g  the  recovery process n e c e s s i t a t i n g  
some mon i to r i ng  o f  process streams for changes i n  t h e  r e l a t i v e  r a t i o s  o f  
these c lasses o f  compounds. 

Numerous methods a r e  used t o  separate pet ro leum hydrocarbons i n t o  
t h e i r  type and c lasses .  The most common method u t i l i z e s  pentane p r e c i p i t a t i o n  
o f  t he  asphaltenes i n  a procedure s i m i l a r  t o  ASTM D 893-69. 
procedures (1-6) a r e  employed f o r  t h e  subsequent f r a c t i o n a t i o n  o f  t he  remain ing 
o i l .  Many of  t he  procedures f o r  the separa t i on  o f  t h e  aromat ics and sa tu ra tes  
us ing  s i l i c a  and/or a lumina columns a r e  m o d i f i c a t i o n s  o f  ASTM D 2549-75. Some 
o f  t h e  methods ach ieve  separat ions i n t o  subgroupings such as monoaromatics, 
d ia romat i cs ,  po l ya romat i cs  and p o l a r  compounds. 

A v a r i e t y  o f  

Each o f  t h e  procedures however has the  disadvantage t h a t  a t o t a l  
c l a s s  a n a l y s i s  r e q u i r e s  severa l  s teps and t o  o b t a i n  the  da ta  rega rd ing  the  
d i s t r i b u t i o n  o f  t h e  f r a c t i o n s  r e q u i r e s  severa l  days. 

The procedure discussed here enables t h e  separa t i on  o f  t h e  bitumen 
o r  heavy pet ro leum c rude  i n t o  t h r e e  groupings namely asphaltenes, r e s i n s  and 
a m ix tu re  of a romat i cs  and sa tu ra tes  w i t h  no p r i o r  separa t i on  o f  t h e  p o l a r  
c o n s t i t u e n t s  o r  of b a c k f l u s h i n g  of  t h e  columns. 
i t  i s  p o s s i b l e  t o  q u a n t i f y  each o f  t h e  f r a c t i o n s  i n  the  bitumen. 

Using a 254 nm UV d e t e c t o r  

EXPER I MENTAL 

The l i q u i d  chromatograph used i n  t h i s  s tudy was a Var ian Model 8500 
dual  sy r i nge  pump ins t rumen t  equipped w i t h  a Var ian Aerograph 254 nm UV 
d e t e c t o r  connected to a Var ian  CDS I l l  Data System. The columns used were a 
25 cm Var ian Aerograph Micropak CH-10 connected i n  s e r i e s  w i t h  a 25 cm Var ian 
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Aerograph Hicropak CN-IO. 



Two mob i le  phase systems can be used t o  achieve the  separat ion.  
One system employed 99% methanol-I% isopropanol f o r  4 minutes, 40% o f  t he  99% 
methanol-1% isopropanol  mixture-60% te t rahyd ro fu ran  f o r  10 minutes and 
f i n a l l y  100% THF f o r  10 minutes. The second system used 90% a c e t o n i t r i l e - l O %  
water f o r  5 minutes fo l l owed  by 50% a c e t o n i t r i l e  mixture-50% methylene c h l o r i d e  
f o r  10 minutes fo l l owed  f i n a l l y  by 100% methylene c h l o r i d e  f o r  10 minutes. 
Separation achieved by t h e  two methods i s  comparable and i s  accomplished i n  
25-30 minutes u s i n g  a f l o w  r a t e  o f  60 cc/hr. 

The b i tumedheavy  crude samples a r e  d i sso l ved  i n  methylene c h l o r i d e  
a t  a concen t ra t i on  of 10-20 mg/ml w i t h  2-5 V I  o f  sample being i n j e c t e d  on t h e  
c o l  umns . 

D I S C U S S I O N  AND RESULTS 

F igu re  1 shows a t y p i c a l  chromatogram o f  t h e  separat ion o f  sa tu ra tes  
and aromatics, res ins ,  and asphaltenes i n  samples o f  Athabasca Bitumen. 
Superimposed on t h e  chromatogram i s  a p l o t  o f  t he  change i n  the  so l ven t  
g rad ien t  du r ing  t h e  ana lys i s .  

Chromatograms o f  aromat ics and res ins  m a t e r i a l  obta ined by separa t i on  
on passage through a t tapu lgus  c l a y  and s i l i c a - a l u m i n a  columns success i ve l y  
a r e  g iven i n  F igures 2 and 3 respec t i ve l y .  
aromatics produced by column chromatography con ta in  m a t e r i a l  t h a t  we c l a s s i f i e d  
as res ins  by t h i s  procedure w h i l e  t h e  r e s i n  samples con ta in  some a romat i c  
m a t e r i a l  and a l s o  some asphaltene m a t e r i a l .  
sample obta ined by pentane p r e c i p i t a t i o n  i s  g iven i n  F igu re  4 which shows t h e  
presence o f  a r e s i n s  peak. It i s  ev iden t  f rom these chromatograms t h a t  a 
very s i m i l a r  f r a c t i o n a t i o n  o f  t h e  bitumen I s  obta ined i n  our HPLC method as 
compared t o  t h e  convent ional  column separat ion.  Saturates m a t e r i a l  i n  t h e  
bitumen i s  e l u t e d  w i t h  t h e  aromat ics f r a c t i o n  however s ince  sa tu ra tes  
absorpt ion a t  254 nm i s  n e g l i g i b l e  they a r e  no t  detected. 
t h e  amount o f  aromat ics,  r e s i n s  and asphaltenes t h e  percentage o f  each o f  t h e  
f o u r  f r a c t i o n s  i n  a bitumen sample can be determined. 

The chromatograms show t h a t  t h e  

A chromatogram o f  an asphal tene 

By e v a l u a t i o n  o f  

CONCLUSIONS 

The HPLC method discussed i n  t h i s  paper achieves a separa t i on  o f  
bitumen i n t o  i t s  c l a s s  components i .e . ,  asphaltenes, res ins  and m i x t u r e  o f  
aromatics and sa tu ra tes ,  i n  p ropor t i ons  comparable t o  t h a t  obta ined i n  c l a s s i c a l  
separat ion by asphaltene p r e c i p i t a t i o n  w i t h  pentane and subsequent successive 
passage through a t tapu lgus  c l a y  and s i l i c a  alumina columns. 
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FIGURE 2 Chromatogram o f  an 
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FIGURE 3 Chromatogram o f  a Resins 
Fract ion Separated on 
Attapulgus Clay 
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FIGURE 4 Chromatogram of  an 
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